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INTRODUCTION 


The  aerodynamic  configuration  of  numerous  hypersonic  ve¬ 
hicles  is  often  formed  using  conical  and  cylindrical  surfaces. 
The  junction  of  these  surfaces,  i.e.,  the  contour  generatrix 
break,  is,  as  a  rule,  either  on  the  hypersonic  vehicle  forebo¬ 
dy  (for  example,  the  transition  of  a  nose  part  to  a  cylindri¬ 
cal  body)  or  on  its  afterbody  (for  example,  the  transition  of 
a  cylindrical  body  part  to  a  conical  aft  "skirt"). 

The  influence  of  the  contour  generatrix  break  on  aerody¬ 
namic  characteristics  of  a  vehicle  at  hypersonic  velocities, 
all  other  conditions  being  equal,  depends  basically  on  Mach 
and  Reynolds  numbers  and  is  attributed  to  different  flow  beha¬ 
vior  over  the  break  point.  It  effects  mostly  the  position  of 
the  vehicle  center  of  pressure  and  free-stream  drag  in  the  re¬ 
gion  of  a  zero  angle  of  attack. 

When  aerodynamic  characteristics  of  hypersonic  vehicle 
models  are  tested  in  wind  tunnels  it  is  often  impossible  to 
attain  a  complete  correspodence  of  wind  tunnel  flow  conditions 
to  flows  over  a  full-scale  vehicle  in  real  flights.  It  con¬ 
cerns  basically  the  Reynolds  number,  i.e.,  the  Mach  number  in 
wind  tunnel  tests  corresponds  generally  to  a  full-scale  value, 
while  the  Reynolds  number  is  inconsistent  with  real  conditions 
and  chosen  from  the  capabilities  of  a  particular  wind  tunnel. 
The  inconsistency  of  this  kind  between  wind  tunnel  test  condi¬ 
tions  and  real  flights  leads  often  to  a  disagreement  of  wind 
tunnel  test  results  and  flight  data.  Some  tests  of  slender  bo¬ 
dies  carried  out  earlier  at  TsAGI  give  grounds  to  suggest  that 
sometimes  it  is  reasonable  to  apply  complex  similarity  parame¬ 
ter  M^/l/Re  for  tests  of  hypersonic  vehicle  models  at  hyperso- 
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nic  velocities  when  it  is  impossible  to  simulate  simultaneous¬ 
ly  real  flow  conditions  in  terms  of  Mach  amd  Reynolds  numbers. 

The  experimental  investigations  under  Contract 
SPC-94-4009  were  conducted  precisely  to  evaluate  the  influence 
of  the  complex  parameter  M^/I/rF  on  aerodynamic  characteristics 
of  a  body  of  revolution  of  the  type  of  11  an  ogive-  a  cylinder- 
a  truncated  cone" . 


ABSTRACT 


This  report  contains  the  results  of  testing  a  body  of  re 
volution  featuring  the  contour  generatrix  break  in  the  wind 
tunnel  T-121  of  TsAGI . 

The  test  model  is  a  body  of  revolution  having  an  ogive 
nose,  a  central  cylindrical  body  and  an  aft  conical  "skirt" 

with  a  generatrix  angle  of  0sk=6.5°. 

The  tests  of  the  aerodynamic  characteristics  of  the  model 
(balance  tests)  were  performed  using  an  external  three-compo¬ 
nent  strain-gage  balance  at  zero  sideslip  angle  and  angles  of 
attack  ranging  from  -4°  to  10°  for  flow  conditions  correspon¬ 
ding  to  Mach  numbers  5.0,  6.0,  7.0,  8.0,  and  9.0.  The 

Reynolds  numbers,  Rex ,  based  on  the  free-stream  flow  parame¬ 
ters  and  the  reference  linear  dimension  x=0.172  characterizing 
the  distance  from  the  model  nose  to  the  generatrix  break  point 
were  varied  in  possible  ranges  at  all  Mach  numbers  being  tes¬ 
ted.  Eventually,  the  Reynolds  numbers,  Rex ,  were  varied  from 
Re  =0 . 9X1 06  (M{V3=4 . 96 )  to  Rex  =  8.6X106  (Meo=4.06)  with  the  comp- 

x  _  _  o  -  3 

lex  parameter  M«>/|/R®x  varying  from  1.38X10'  to  8.15X10 

The  tests  of  flow  spectra  over  the  model  (optical  tests) 
were  carried  out  at  M0O~4.0,  5.0,  6.0,  7.0,  and  8.0,  at  zero 

sideslip  angle  and  zero  angle  of  attack  and  at  Reynolds  num¬ 
bers,  Rex,  varying  from  Rex=0.9Xlo6  (Mw,=4.96)  to  Rex=8.2Xl06 
(Meo=4 . 06 )  . 
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DESCRIPTION  OF  TEST  PROGRAM  AND  CONDITIONS 

The  tests  were  carried  out  in  May,  1994  in  the  wind  tun¬ 
nel  T-121  of  TsAGI • 

T-121  is  an  intermittent  wind  tunnel  with  compressed  air 
as  a  test  gas  stored  in  gas  tanks.  The  wind  tunnel  T-121  is 
equipped  with  an  ejector  system  and  intended  for  various  tests 
(see  the  1st  progress  report)  in  the  range  of  M^-4.0  +  9.0. 
The  required  Mach  number  in  the  test  section  was  attained  by 
using  an  adequate  contoured  nozzle  made  integral  with  the  test 
section.  Two-dimensional  nozzles  and  0 . 2X0 . 2m  test  section  we¬ 
re  used  in  flow  conditions  corresponding  to  M^~4.0,  5.0,  and 
6.0,  while  axisymmetric  nozzles  and  test  section  0.2m  in  dia¬ 
meter  were  applied  for  M«3~7.0,  8.0,  and  9.0. 

The  required  Reynolds  number  was  achieved  by  providing 
for  an  adequate  pressure  P0  in  the  plenum  chamber  using  a  fi¬ 
xed  nozzle. 

For  all  Mach  and  Reynolds  numbers  realized  in  the  test 
section,  air  entering  the  test  section  was  preheated  by  an 
electric  heater  which  was  capable  to  provide  for  the  stagnati¬ 
on  flow  temperature  T0  up  to  1000K. 

Two  types  of  models  were  designed  and  manufactured  to  in¬ 
vestigate  the  influence  of  the  parameter  M^/|/Ri“on  aerodynamic 
characteristics  of  a  body  of  revolution  with  the  contour  gene¬ 
ratrix  break  in  the  wind  tunnel  T-121.  These  models  made  it 
possible  to  conduct  tests  with  different  versions  of  the  nose, 
the  central  body  and  the  aft  conical  "skirt".  The  detailed 
description  of  all  the  model  versions  is  given  in  the  1st 
progress  report  where  the  test  program  for  several  model  ver¬ 
sions  suggested  at  that  time  is  presented. 

of  the  unfavorable  financial  and  economical 


But  because 
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situation  that  had  arisen  by  the  time  of  the  tests  it  was  pos 
sible  to  perform  rather  detailed  investigations  of  aerodynamic 
characteristics  for  only  one  model  version.  The  version  shown 
in  Fig.l  was  chosen  for  tests.  As  illustrated  in  this  figure, 
the  model  had  a  slightly  blunt  ogive  nose  with  the  aspect  ra¬ 
tio  Xn  of  2  gages,  a  central  cylindrical  body  (Xc=4.65)  and 
aft  conical  "skirt"  (Xsk=1.16)  with  the  generatrix  angle  of 
0  „=6.5°.  Thus,  the  total  model  aspect  ratio  was  7.81  ga- 

S  K 

ges . 

All  three  main  model  components  were  made  separately  of  a 
special  aluminium-magnesium  alloy  and  joined  using  thread  con¬ 
nections  . 

In  the  test  section,  the  model  was  placed  on  the  sting. 
Fig.  2  shows  the  model  arrangement  in  the  wind  tunnel  T-121. 

The  loads  acting  on  the  model  in  the  tests  were  measured 
in  the  body-fixed  coordinate  system  using  the  three-component 
strain-gage  balance  beyond  the  action  of  the  flow  on  the  test 
section  wall  (Fig. 2).  The  main  balance  characteristics  are 
summarized  in  Table  1. 


Table  1 


Maximum  loads  to  be 
measured 

Measuremer 

errors 

it 

X 

[Kg] 

Y 

[Kg] 

Mz 

[KrXcm] 

6X 

o\ 

<c 

6m  z 

14.0 

±14.0 

±  0.6 

0.0020 

0.0024 

0.000751 

The  base  pressure  was  measured  using  a  pressure  tap  pla¬ 
ced  under  the  strain-gage  balance  fairing  rather  than  immedia¬ 
tely  on  the  model  base  section.  As  follows  from  the  multi-year 
experience  of  balance  tests  in  the  wind  tunnel  T-121,  this 
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technique  of  measuring  the  base  pressure  did  not  essentially 
influence  the  base  pressure  value,  but  such  an  approach  made 
it  possible  to  simplify  the  model  afterbody  design  and  manu¬ 
facturing  and,  more  importantly,  to  facilitate,  the  model  as¬ 
sembly  and  reassembly  in  the  test  section  during  the  tests. 

To  estimate  aerodynamic  coefficients  Cx ,  Cy  and  mz ,  the 
aerodynamic  forces  X  and  Y  were  related  to  the  free-stream  dy¬ 
namic  pressure  q  and  the  model  base  area  Sb =0 . 000835m  ,  and 
the  aerodynamic  moment  Mz ,  in  addition,  to  the  model  length 
Lz=0. 2016m.  In  this  case,  the  coefficients  mz  were  calculated 
with  respect  to  the  conditional  mass  center  in  the  model  nose. 

The  longitudinal  force  coefficient  Cx  was  calculated  by 
applying  a  correction  for  the  base  pressure,  i.e.,  the  model 
base  pressure  Pb  was  reduced  to  the  free-stream  static  flow 

pressure  . 

During  the  test  data  processing,  the  corrections  for  the 
sting  deflection  under  the  aerodynamic  load  were  applied  to 
angles  of  attack  a  measured  from  the  model  axis. 

Table  2  presents  the  balance  model  test  program  in  the 
wind  tunnel  T-121  with  the  indication  of  averaged  main  flow 
parameters  attained  in  the  tests . 


The  following  notations  are  used  in  Table  2: 

-  free-stream  Mach  number; 

P0  -  total  pressure  in  plenum  chamber; 

rr  —  free-stream  dynamic  pressure, 

-  free-stream  static  pressure; 

Tq  _  free-stream  stagnation  temperature; 

Rex  -  Reynolds  number  based  on  the  free-stream  flow 
parameters  and  the  reference  linear  dimension 
x=0.172m  characterizing  the  distance  from  the 
model  nose  to  the  contour  generatrix  break,  i.e., 
to  the  transition  of  a  cylindrical  surface  to  a 


conical  one. 


Po 

[psia] 

q«~p 

[  Kg/cnr  ] 

P~  2 

[  Kg/cnr  ] 

T0 

[K] 

Rexx 

xio-6 

(M/|/Rex  )  x 
X10d 

j 

, 

:  : 

1.47 

0.1085 

0.00970 

293 

1 . 16 

3.71 

1.84 

0.1350 

0.01198 

_  1!  _ 

1.45 

3.33 

'j 

2 .31 

0.1675 

0.01480 

_  If  _ 

1 . 81 

2.98 

i 

:  j 

2.97 

0.2133 

0.01885 

_  II  _ 

2.34 

2.63 

i  I 

3.98 

0.2870 

0.02511 

_  II  _ 

3.13 

2.28 

4.97 

0.3545 

0.03105 

_  11  _ 

3.91 

2.04 

7.95 

0.5630 

0.04904 

_  II  _ 

6.27 

1.62 

10.93 

0.7687 

0 . 06644 

_  II  _ 

8.60 

1.38 

2.90 

0.1005 

0.00575 

403 

0.90 

5.23 

4.45 

0.1505 

0.00870 

_  II  _ 

1 . 38 

4.23 

5.90 

0.1985 

0.01145 

_  11  _ 

1.82 

3.69 

10.78 

0.3568 

0.02040 

408 

3.23 

2.78 

15 . 40 

0.5075 

0.02900 

413 

4 . 52 

2 . 35 

i 

25.95 

0.8455 

0.04795 

_  II  _ 

7 . 60 

1.82 

6.85 

0.1095 

0.00435 

513 

0.98 

6.06 

13.20 

0.2025 

0.00785 

_  II  _ 

1.85 

4.45 

20.95 

0.3160 

0.01225 

_  11  _ 

2.99 

3.52 

24.10 

0.2050 

0.00605 

623 

1.69 

5.35 

32.40 

0.2635 

0.00760 

_  II  _ 

2.27 

4.67 

39.85 

0.3190 

0.00920 

633 

2.74 

4.25 

63.90 

0.5070 

0.01445 

_  it  _ 

4 . 39 

3.37 

95.85 

0.7615 

0.02170 

643 

6.26 

2.83 

31.75 

0.1480 

0.00333 

703 

1 . 28 

7 . 04 

51.90 

0.2385 

0 . 00532 

723 

2 . 00 

5.66 

96 . 05 

0.4340 

0 . 00960 

773 

3 . 30 

4.42 

46.95 

0.1290 

0.00229 

_  it  _ 

1 .21 

8.15 

95.70 

0.2535 

0.00442 

823 

2.23 

6.05 
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During  the  balance  tests  in  all  conditions  stated  in  Tab 


le  2,  the  model 
ro,  while  the 


sideslip  angle  P  was  taken  to  be  equal  to  ze 
angle  of  attack  a  was  varied  from  -4°  to  10 


with  the  variation  step  Act  of  1°  in  the  range  -  4°  -6°  and  2 


0 

0 


when  Ct>6°  • 

For  the  optical  tests,  the  model  was  in  the  test  section 
at  zero  angles  of  attack  and  sideslip  angles  all  the  time. 


When  one  or  another  nozzle  was  mounted,  only  one  run  was  per¬ 
formed  with  the  plenum  chamber  pressure  varying  discretely.  As 
a  required  flow  condition  was  attained,  the  region  near  the 
model  contour  generatrix  break  was  photographed  three  times  in 
the  scale  1:1  through  optical  windows  in  the  test  section 
walls  (window  diameter  is  150mm)  using  aerial  photographic 
films.  The  model  flow  spectra  were  obtained  by  the  direct  sha¬ 
dow  technique  on  the  HAE-451  device.  Unfortunately,  it  was  im¬ 
possible  to  combine  the  balance  and  optical  tests,  since  for 
the  balance  tests  the  external  strain-gage  balance  were  moun¬ 
ted  on  the  test  section  wall  precisely  at  the  location  of  one 


of  the  optical  windows. 

The  main  flow  parameters  obtained  during  the  optical 
tests  are  summarized  in  Table  3.  It  is  seen  that  the  optical 
tests  were  not  conducted  at  14^9.0  which  was  primarily  caused 
the  fact  that  the  flow  densities  in  that  test  condition  were 
extremely  small  and,  hence,  it  seemed  to  be  questionable  to 
obtain  model  flow  spectrum  patterns  of  high  quality. 

The  variation  ranges  of  the  Mach  and  Reynolds  numbers  re¬ 
alised  during  the  balance  and  optical  tests  are  presented  in 
Figs. 3  and  4  in  the  form  of  plot  for  more  comfortable  assimi 


lating. 

It  should  be  also  noted  that  9  special  methodical  runs 
were  undertaken  immediately  before  the  main  series  of  the  mo 
del  tests  aimed  at  obtaining  the  aerodynamic  characteristics 
and  model  generatrix  break  flow  spectra.  These  runs  were  done 
to  evaluate  the  flow  quality  at  the  current  time  at  all  Mach 
numbers  and  pressures  in  the  plenum  chamber  assumed  for  the 


main  test  series  of  a  chosen  model  version. 


Table  3 


Run  # 


Mm 

number 


[psia] 


RexX10 


(M«/|/Rex  )X1(T 


4.00 
4.01 
4 . 02 
4.03 
4.03 
4.04 
4.05 
4 . 06 


1.48 
1 . 85 
2 .33 
3 . 00 

3.98 

4.98 
8 . 01 

10.25 


1.16 
1.45 
1.81 
2 . 34 
3 . 13 
3 . 91 
6.27 
8.20 


3.71 

3.33 

2.98 

2.63 

2.28 

2.04 

1.62 

1.42 


4.96 

4.97 

4.98 

4.99 
5.00 
5.00 
5.01 
5.02 


2.92 

4.45 

5.95 

8.52 

10.82 

15.44 

21.45 
26.00 


0.90 
1 . 38 
1.82 
2.63 
3.23 
4.52 
6.31 
7.60 


5.23 

4.23 
3.69 
3.08 
2.78 
2.35 
1.99 
1.82 


6.00 
6 . 02 
6 . 03 
6.05 
6 . 06 
6 . 08 


6 . 88 
9.55 
11 . 04 
13.26 

14.95 

20.95 


0.98 

1.37 

1.56 

1.85 

2.15 

2.99 


6.06 

5.14 

4.83 

4.45 

4.13 

3.52 


6 . 96 
7.03 
7 . 05 
7 . 07 
7.07 
7.07 


24 . 15 
32.40 
40.03 
63.85 
78.04 
95 . 93 


1.69 

2.27 

2.74 

4.39 

5.09 

6.26 


5 . 35 
4.67 
4.25 
3.37 
3.13 
2 . 83 


7 . 97 
8 . 00 
8 . 02 
8 . 03 


31 . 80 
52.05 
76 . 05 
96 . 00 


1.28 
2.00 
2.95 
3 . 30 


7.04 

5.66 

4.67 
4.42 
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TEST  RESULTS 

The  balance  test  results  for  a  model  of  a  body  of  revolu¬ 
tion  of  the  type  of  "an  oglve-a  cylinder-  a  truncated  cone- 

obtained  in  the  wind  tunnel  T-121  of  TsAGI  at  M^-4.0  •  9.0, 

Be  =(0.9  *  8.6)X106.  a=-4°  *  10°,  p-o  are  presented  in  Figs. 

5^-112  in  the  form  of  plots  Cx  ,  Cxa  ,  cpb  '  y'  7a  '  '  z> 

Cd=f(Ct)  and  mz=f(Cy)  • 

The  optical  test  results  for  the  model  at  M^~4.0  :8.0, 

Rex  =  (0.9  8.2)X106,  0t=0,  M  are  given  in  the  photos  of  flow 

spectra  over  the  contour  generatrix  break  areas  in  Figs.  127- 

+142.  .  _ 

Unfortunately,  we  have  to  state  that  the  quality  o 

photos  taken  leaves,  to  put  it  mildly,  much  to  be  desired  es¬ 
pecially  when  the  flow  density  is  small  ("-“6.0,  7.0,  an 

8  0)  The  reason  is  that  by  the  time  of  conducting  optical 
tests  we  had  at  our  disposal  an  aerial  photo  film  with  overdue 
application  time  only  and  its  development  even  by  using  speci¬ 
al  agents  did  not  provide  the  desired  quality.  Nevertheless, 
the  photos  obtained  are,  however,  a  great  help  in  the  analysis 
of  the  balance  test  results. 

Special  emphasis  will  be  placed  on  the  influence  of  vari¬ 
ations  of  different  kind  in  the  flow  behaviour  over  the  model 
on  its  moment  characteristics  and  the  pressure  center  position 
at  small  angles  of  attack.  But  first,  we  consider  briefly  the 
plots  Cxo,  cf,  mt  -f(Rex)  characterizing  the  aerodynamic 
characteristics  of  the  model  at  angles  of  attack  close  to  zero 
for  all  flow  conditions  of  interest  (Figs. 113  115). 

From  these  curves  it  is  obvious  that  as  a  whole  the  lon¬ 
gitudinal  forse  coefficients  in  the  range  of  Mach  and  Reynolds 
numbers  under  study  are  close  to  each  other  in  the  vicinl  y  o 
CC-O.  At  M„=6.0  the  values  of  the  coefficient  Cx0  are  somewhat 
greater,  and  at  M„=9.0  they  are  somewhat  smaller. 

The  highest  lifting  properties  of  the  model  characterize 
by  C*at  angles  of  attack  close  to  zero  are  exhibited  at 
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=5.0,  while  the  lowes  ones  at  MJ-4.0.  closer  values  of  C  ar 
obtained  at  close  Reynolds  numbers,  Rex  in  flow  °°"^tlo 

corresponding  to  »^6.0,  7.0,  8.0  and  9.0.  As  for  the  9 

properties  of  the  model  near  d=0  it  should  be  also  noted 
at  M„=4 . 0 ,  5 . 0  and  6.0,  Cy  tends  to  decrease  as  Rex  -creases 
(  it  is  especiablynoted  at  M„=4.0  and  5.0).  converse  y 
lifting  properties  of  the  model  slightly  increase  at  M„~7.0, 

8.0  and  9.0  as  Rex  rises.  . 

At  M„  =4.0  in  the  range  of  Reynolds  numbers  in  questi 

the  values  of  the  derivative  ir £  being  the  smallest  in  their 

absolute  values  are  also  obtained.  The  derivative  m ,  char  - 

terizes  the  moment  characteristics  of  the  model  in  the  pltc 

hing  plane  at  angles  of  attack  close  to  zero.  A®  -  the 

with  c/,  the  greatest  values  of  | mz |  take  place  at  «=  • 

for  Reynolds  numbers  under  study.  As  the  Mach  number  increases 
from  M„=5.0  to  M=9.0,  the  values  of  |m?l  decrease  9™au.lly. 
Note  that  beginning  with  certain  values  of  the  Rex  a  . 

and  5.0,  the  values  of  K“|  decrease  rather  intensively,  whi¬ 
le  at  M„=6.0,  7.0,  8.0  and  9.0,  the  values  of  |m2|  increase 

monotonically  as  Rex  rises.  nreiS- 

NOW  turn  to  the  matter  concerning  variations  of  the  pres 

sure  center  psition  characterized  by  at  0-0.  It  -  obvi¬ 

ous  from  the  dependeces  m^^f  <Rex  )  shown  in  Fig.  116,  that  the 
greatest  pressure  center  displacement  due  to  varied  Reynolds 

numbers  takes  place  at  «>-  •  .  . 

displacement  is  especially  great  at  M„=4.0  when  it  P  J 

forward  to  the  model  nose  for  a  distance  of  almost  15%  ot  a 
body  length  Lm  as  Rex  rises  from  Rex  1.16X10  o  ex  • 

At  M  =5.0  the  pressure  center  also  displays  forward  as  Rex  rl 
ses  but  this  displacement  is  smoller  than  at  M_=4 . 0  and  amoun¬ 
ts  to  approximately  5%  of  L„ .  In  flow  conditions  correspon  ing 
to  M_=6.0,  7.0,  8.0  and  9.0  the  increse  in  the  Reynolds  num¬ 
bers,  Rex  in  the  ranges  of  interest,  causes  the  pressure  cen 
ter  displacement  backward  from  the  model  nose  by  a  dis  ance 
that  does  not  exceed  approximately  2%  of  the  model  length. 
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At  the  same  time,  the  analysis  of  the  dependences  Cd=f(CC) 
(Figs.  86*112 )  characterising  variations  in  the  pressure  cen¬ 
ter  coefficient  in  terms  of  the  angle  of  attack  reveals  somew¬ 
hat  different  values  of  the  pressure  center  position  at  CC=0 
(see  the  dependence  Cd0=f(Rex)  in  Fig. 117). 

Figs.  118*123  compare  the  pressure  center  position  values 
obtained  by  prosessing  the  dependences  mz=f(Cy),  i.e.  the  va¬ 
lues  of  mzCy  and  dependences  Cd=f(CC)  consequently,  the  values 
of  Cd0 .  It  is  obvious  that  when  the  values  of  mzCy  and  Cd0 
differ,  the  more  aft  pressure  center  position  corresponds  to 
the  results  of  processing  the  dependences  Cd=f(0C),  while  more 
forward  position  concerns  results  of  the  analysis  of  the  de¬ 
pendences  mz=f(Cy).  In  some  flow  conditions  this  difference  is 
about  4*5%  of  Lm . 

The  difference  in  the  test  data  processing  raizis, natu¬ 
rally,  the  question  which  of  them  are  most  reliable.  To  eluci¬ 
date  this  point,  consider  the  dependences  Cd=f(0C)  in  Figs.  86* 
*112  in  more  ditail. 

It  should  be  noted,  first  of  all,  that  reduced  values  of 
the  pressure  center  coefficient  Cd  are  determined  as  follows: 

mz  ( )  “  mz  ( 0 ) 

cd  =  - -  .  (1) 

Cy  (cq  )  -  Cy  (<X=0) 

The  application  of  this  approach  instead  of  using  the  ra¬ 
tio  mz  (0C)/Cy  (Ot)  is  motivated  by  two  reasons.  At  first,  the 
calculation  of  this  kind  includes  the  presence  of  some  nonzero 
coefficients  Cy  and  mz  at  CL=  0  which  are  actually  obtained  du¬ 
ring  the  test.  Secondly,  in  this  case  the  so-called  "effect  of 
small-value  ratio"  manifests  itself  to  a  considerably  smaller 
extent  at  angles  of  attack  close  to  zero.  This  effect  implies 
that  at  small  coefficients  Cy  and  mz ,  attained  at  these  angles 
of  attack,  even  small  variations  in  their  values  can  result  in 
a  rather  essential  variations  in  the  ratio  of  these  values. 
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Neglecting  Cs(a=0,  and  *  (0-0,  leads  often  ^sTToZT.l 
As  a  consequence,  the  dependence  Cd-f((*)  acq 

As  a  cons  4  the  coordinate  axis  and, 

rably  nonsymmetric  form  relati 

rabiy  n  y  probability  increases  in  the 

what  is  more  important,  the  P  to  state  that 

test  data  analysis.  It  is  impossible,  of  course, 
the  calculation  of  the  pressure  center  coefficient  using  <  > 

!nows  the  "effect  of  small-value  ratio"  to  be  avoided  entire 
ly,  since  the  errors  in  measuring  aerodynamic  forces  an  mo 

^ts  acting  on  the  model  by  “all  ^ 

risks"^are  lllZllrZVlf  precisely  this  range  of  .  Nevert¬ 
heless,  the  calculation  of  Ca  in  this  manner  yields  obgec  ive 
'\\t  more  reliable  results. 

ly  more  reiia  analvsis  of  the  test  results  begin- 

Now  we  proceed  to  the  analysis  ox 

■  th  blots  c„=f<a>  obtained  at  It  is  seen  from 

rung  with  plots  cd  i  ;  c  _f(a)  is  essen- 

86  4-  93  that  the  behaviour  of  the  plot  cd  n  ) 

Figs.  86  93  rn  of  attack  incre- 

tially  nonlinear  at  Rex<3.9X10  .  As  rne  y 

f  r»m  CL~0  to  0L~3°  +4  •  5°  ,  the  pressure  center  displays  rat 

ases  from  u-0  to  u  ^  0f  the 

her  appreciably  forward  to  the  model  nose  (up  to  «  •*<  *  ^ 

model  length  L„ ) ,  and  further  increases  in  resu  or 

pressure  center  movements  backwards  (by  3  "  M  ^ m  no 
flow  conditions  corresponding  to  Rex>6.27  1  , 

longer  drastic  variations  in  the  pressure  center  position 

small  angles  of  attack.  In  these  conditions  the ™ * 
ter  displays  gradually  backwards  from  the  mo 
distance  of  10  -  12%  of  the  body  length  as  increases  from 
10° .  To  appreciate  the  reasons  of  so  distinct  behaviours  o 
the  plots  Cd=f(0t)  at  different  values  of  Rex  ,  consider 

tica\n;  °6  * 

boundary  layer  develops  on  the  model  -^ce^which^has  a^very 

great  thickness  in  the  region  o  differs 

the  geometry  of  an  actually  streamlined  liquid  contour  dif f ^ 

considerably  from  that  of  the  model.  The  di  erenc  ,  ^ 

of  all,  that  the  model  contour  generatrix  break 
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where  the  cylindrical  body  section  transforms  to  the  aft  coni 

where  y  ,  potentially  by  the  boundary 

cal  "skirt"  (0sk=6.5°)  is  smoothed  essentially  y 

layer  and  there  is  no  shoe*  in  the  break  zone.  Host  xkely 

the  boundary  iayer  in  these  conditions  is  ia«na.  «x  ^ 

seen  that  as  the  Reynolds  number,  Rex ,  rises  tr 

3  91X106  ,  the  boundary  layer  thickness  decreases  gradua  y 

and,  accordingly,  the  geometry  of  the  streamlined  liquid  con 

tour  becomes  more  and  more  similar  to  the  model  geome  O'- 

At  Rex>6.27X106 ,  when  the  boundary  layer  is  most  probably 

turbulent,  a  shock  in  the  region  of  the  aft  "skirt"  can  be  se 
en  in  the  photos  of  the  flow  spectra  (Fig.130).  In  this  case, 
the  boundary  layer  geometry  follows  almost  completely  the  mo- 

del  ^Thus^  in  the  flow  condition  corresponding  to  M„=4.0,  the 
behaviour’  of  the  free-stream  flow  over  the  model  at 
Re  <3 . 91X106  differs  most  considerably  from  that  at 

X  6  4n  the  reef  ion  of  the  contour  generat 

Re  >6 . 27X10°  especially  in  tne  region 

rix  break.  This  is  Just  the  reason  for  different  behaviour  of 
the  dependence  Ca=f«X)  at  different  Reynolds  numbers,  Rex , 
which  is  revealed  in  the  balance  tests  and  mentioned  above. 

It  should  be  only  added  that  the  appreciable  nonlineari  y 
in  the  behaviour  of  Ca  =  f<«t>  observed  at  Rex  <3.92X10  is 
explained  by  a  high  susceptibility  of  the  liqui 
the  transformation  when  the  angle  of  attack  varies.  Host  1 
ly  a  flow  with  a  shock  in  the  region  of  the  aft  cornea 
"skirt"  forms  both  on  the  windward  surface  and  on  the  leewar 
one  as  the  angle  of  attack  is  reached  when  the  absolute  value 
of  the  pressure  center  coefficient  is  the  smallest.  Of  course, 
ft  is  only  an  assumption,  since  the  photos  of  the  flow  spectra 
were  taken  only  at  zero  angle  of  attack.  But  this  aSS™P  *° 
is  confirmed  indirectly  even  by  the  available  photos  As  s 
ted  above,  the  boundary  layer  thickness  decreases  at  O- 
the  Reynolds  number,  Rex ,  increase  from  1.16X  o  * 

consequently,  a  shock  in  the  contour  generatrix  break  zone  at 

Re  =3 . 19X106  must  occur  earlier  than  at  lower  values  of  Rex 
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the  angle  of  attack  changes.  It  is  seen  that  the  plots 
n  Figs. 86  ♦  93  are  in  conformity  with  this  assumption.  A  »- 
nimum  value  of  |Ca|  at  Rex=3. 91X10^  is  attained  for  0-3  , 

.  t  -,t  Re  =1 . 16X106  for  0t~4 . 5°  . 

while  at  Rex  also  observed  at  MJ«5.0.  In  this 

Similar  phenomena  are  also  on  ™iized 

case  one  of  two  above-considered  model  flow  types  13  realize 
o  „hirh  is  clearly  seen  in  the  analysis  of  the 

-^^its  - — *  ••  - 

U1  +At3Rex<4S52Xl^lythere  is  no  shock  in  the  contour  gene¬ 
ratrix  break  zone  due  to  a  boundary  layer  with  a  great  drspla- 
oement  thickness  which  -e lops  on  the 

:::  ^ 

f  ri  \  i  c;  identical  and  f  ea 
The  behaviour  of  the  dependences  Cd-f(0t)  is 

•  at  rp  <4  52X10®  with  minimum  values 

tures  a  nonlinear  region  at  Rex <4. 52xiu 

°f  |CaAl  «n»6h0  Ind97.0,2  only  such  a  flow  over  the  model  forms 
in  the  ranges  of  Rex  under  study  that  has  no  shock  upstream  o 

the  aft  conical  "skirt".  It  follows  from  the  photos 

in  Ficts  135  +  140  that  the  contour  generatrix 

flow  spectra  in  Figs.  i-^  x  cri_ 

break  zone  is  smoothed  by  a  boundary  layer  with  a  grea 
lacement  thickness.  The  nonlinearity  degree  of  the  dependences 
Cd=f  (OC)  in  the  range  of  small  angles  of  attack  becomes  greater 

as  the  number  Rex  increases  (Figs. 100  , 

lues  of  I CU|  are  exhibited  in  the  range  of  B.O  .  2.S 

1  no  at  M  ~1  0.  The  sole  exception  to 

—6 . 0  and  in  the  range  £1—2 . 0  atM„7.0. 

this  regularity  concerns  the  results  of  the  run  15  (  -  •  ’ 

r..’  for  which  the  nonlinearity  of  the  dependence 

Ca=f(a,  is  almost  absent  at  angles  of  attack  close  to  zero. 
Nevertheless,  the  pressure  center  position  is  likely  to  vary 
at  0=0  but  this  variation  is  small  and  comparable  with 

r°r  rrm  laminar  boundary  layer  of  a  great  thickness 
develops  Tn  the  model  surface  at  all  values  of  Rex  of  interest 
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(Figs. 141  and  142).  When  analyzing  the  dependences  Cd=f((X)  ob¬ 
tained  at  M<v~8.0  (Figs.  108  *  110),  their  noticeable  nonsym¬ 
metry  about  the  coordinate  axis  (zero  angle  of  attack)  att¬ 
racts  the  attention.  The  degree  of  this  nonsymmetry  decreases 
as  the  number  Rex  rises. 

This  is  not,  most  likely,  the  consequence  of  incorrect 
measurements  of  aerodynamic  loads  acting  on  the  model  during 
the  test.  Probably,  hysteresis  of  the  aerodynamic  characteris¬ 
tics  takes  place  in  this  condition  at  small  angles  of  attack, 
that  is  at  M^~8.0,  the  direction  of  the  model  motion  in  terms 
of  angles  of  attack  exerts  some  influence  on  the  aerodynamic 
characteristics  of  the  model  in  the  range  of  CL=  0.  Since  the 
nonlinear  behaviour  of  the  dependence  Ca=f(CC)  at  small  angles 
of  attack  is  caused,  as  indicated  above,  by  the  boundary  layer 
transformation,  the  hysteresis  effect  is  quite  possible  in  the 
case  of  a  viscous  boundary  layer.  At  M^-8.0,  the  temperature 
inside  the  boundary  layer  is  higher  than  in  the  flow  conditi¬ 
ons  considered  above  which  is  followed  by  a  decreased  gas  den¬ 
sity  and,  what  is  more  important,  by  an  increased  gas  viscosi¬ 
ty.  In  addition,  hysteresis  of  the  aerodynamic  characteristics 
of  the  model  in  these  conditions  can  be  caused,  to  a  large  ex¬ 
tent,  by  different  states  of  the  boundary  layer  on  the  wind¬ 
ward  and  leeward  model  sides,  i.e.,  to  be  more  precise,  by 
different  positions  of  the  laminar-turbulent  boundary  layer 
transition  point.  The  influence  of  this  kind  is  quite  possible 
at  Reynolds  numbers  under  consideration  (  Rex=  1.28X106  , 
2.00X106  ,  and  3.30X106  ). 

Minimum  values  of  |Cd|  on  the  nonlinear  branch  of  the 
curve  Cd=f((X)  (the  region  of  positive  angles  of  attack)  take 
place  at  0t~1.5°-s-  2.0°. 

At  M^-9.0,  the  region  of  drastic  variations  in  the  beha¬ 
viour  of  the  dependence  Cd=f(CC)  due  to  the  liquid  contour 
transformation  gets  narrow  down  to  1°  (Figs. Ill  and  112).  It 
is  precisely  the  narrowing  of  the  boundary  layer  transforma¬ 
tion  zone,  as  compared  to  Mc>~8.0,  is  likely  to  be  responsible 
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for  the  fact  that  hysteresis  of  the  aerodynamic  characteris¬ 
tics  of  the  model  is  not  exhibited  at  M^~9 . 0  in  spite  of  a 
higher  temperature  inside  the  boundary  layer. 

Thus,  the  analysis  of  the  dependences  Cd=f((X)  supported 
by  the  optical  test  resalts  shows  that  when  a  laminar  boundary 
layer  with  a  great  displacement  thickness  forms  on  the  model 
surface  in  the  region  of  the  aft  conical  "skirt",  the  behavi¬ 
our  of  the  dependences  Cd=f((X)  at  small  angles  of  attack  is 
essentially  nonlinear.  In  this  case,  the  range  of  angles  of 
attack,  in  which  the  pressure  center  position  varies  appreci¬ 
ably,  decreaces  as  Mach  and  Reynolds  numbers  rise.  This  is 
well  seen  from  the  analysis  of  the  plot  Ot'=f(Rex)  in  Fig.  124 
which  characterizes  the  variation  in  the  angle  of  attack  Ct'  at 
which  the  most  forward  pressure  center  position  C I I m i n )  Is 
attained  depending  on  the  number  Rex  at  different  Mach  num¬ 
bers  . 

Next,  consider  again  the  comparative  plots  in  Figs 
118^123  showing  the  dependences  Cd0=f(Rex)  and  mzCy=f(Rex)  and 
analyze  them  wiht  taking  account  of  the  above  dependences 
(X'=f(Rex).  The  analysis  of  this  kind  makes  it  possible  to  no¬ 
tice  that  when  OC '  =3.0° -5-4. 5°  (Mm~  4.0  and  5.0),  the  difference 
in  values  of  Cd0  and  mzCy  either  is  not  great  or  absent  at 
all.  But  when  Gt<3 . 0°  ,  the  values  of  |mzCy|  are  always  smaller 
then  values  of  |c,30|.  In  the  present  report,  the  value  of  mzCy 
was  obtained  by  a  cubic  approximation  of  the  test  values  of  Cy 
and  mz .  It  is  probably  that  when  the  liquid  contour  transfor¬ 
mation  zone  on  the  the  boundary  layer  edge  reduces  to  angles 
of  attack  GC<3.0°  ,  such  an  approximation  is  insufficient  in  or¬ 
der  to  represent  adequatly  a  complicated  nature  of  variations 
in  the  flow  over  the  model.  As  a  consequence,  the  values 
of|mzCy|  are  underestimated  as  compared  to  these  of  |cd0|.  But 
when  the  variation  step  of  the  angle  of  attack  is  A(X=1.0°,  the 
the  approximation  of  the  test  values  for  Cy  and  mz  by  a  higher 
-  order  curve  at  angles  of  attack  close  to  zero  is  very  cum¬ 
bersome.  Which  would  be  possible  for  the  tests  with  the  varia- 
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tion  step  of  the  angle  of  attack  A(X=0.5°. 

Thus,  the  above  considerations  indicate  that  quant itati 
vely  the  pressure  center  position  values  obtained  as  a  result 
of  the  analysis  and  prosessing  of  the  dependences  Cd=f((X)  rep¬ 
resented  more  reliably  those  variations  in  the  model  flow  be¬ 
haviour  which  are  characteristic  for  Gt=0  in  the  flow  conditi¬ 
ons  in  question. 

In  view  of  this,  consider  again  the  plots  Cd0-f(Rex)  in 

Fig. 117. 

As  mentioned  above,  the  pressure  center  displays  forward 
to  the  model  nose  for  a  distance  of  15%  of  the  model  length  Lm 
at  M«~4.0,  as  the  Reynolds  number  increase  from  Rex =1.16X10 
to  Rex  =8 . 60X106 .  Based  on  the  optical  test  results,  it  is  pos¬ 
sible  to  state  that  for  the  most  part  this  displacement  is  ca- 
ursed  by  the  trsnsition  from  the  flow  over  the  model  of  one 
tupe,  when  a  laminar  boundary  layer,  smoothing  the  generatrix 
break,  develops  on  the  model  surface,  to  another  flow  tupe  fe¬ 
aturing  a  shock  upstream  of  the  aft  conical  "skirt".  At  M^~5 . 0 
the  behaviour  of  the  dependence  Cd0=f(Rex)  is  similar  and  due 
to  the  same  reasons.  But  in  this  case,  the  forward  pressure 
center  displacement  is  not  so  great  and  amounts  to  about  9%  of 

Lm  * 

As  we  have  shown, only  such  a  type  of  a  flow  over  the  mo¬ 
del  forms  at  M.^6 . 0  and  OC=0  for  Reynolds  numbers  under  study 
when  there  is  no  shock  upstream  of  the  aft  conical  "skirt".  At 
$1^6 . 0=9 . 0 ,  the  pressure  center  position  variation  due  to  va¬ 
riations  in  the  number  Rex  is  so  considerable  as  at  M„,~4 .  o 

and  5.0.  Moreover,  in  these  flow  conditions,  the  pressure  cen¬ 
ter  displays  backwards  from  the  model  nose  rather  forward  as 
Rex  rises,  and  greater  is  the  Mach  number  the  smaller  is  this 
displacement : 


at 

Mm~6 . 0 

Acd0 =0.060; 

at 

M^~7 . 0 

Acd0 =0.045; 

at 

M^~8 . 0 

Acdo=0.035; 

at 

M  ~9 . 0 

CO 

Acd0 =0.025. 
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Thus,  the  plots  in  Fig. 117  show  that  in  the  range  of  Mm~ 
js4.0'5'9.0  the  behaviour  and  magnitude  of  the  pressure  center 
position  variation  at  one  and  the  same  fixed  value  of  M  due  to 
varations  in  the  number  Rex  can  differ  greatly  from  each 

other . 

The  same  plots  also  indicate  that  it  is  rather  difficult 
to  determine  the  influence  of  the  Mach  number  on  the  presure 
center  position  at  a  fixed  value  of  the  number  Rex .  For  examp¬ 
le,  the  pressure  center  displays  forward  at  Rex  <1.8X10  as 
the  Mach  number  increaces,  while  at  Rex>4.0Xl0  ,  the  influence 
of  the  Mach  number  is  exactly  the  opposite.  As  for 
Rex=3.0X106,  it  is  impossible  to  clear  up  the  manner  in  which 
the  Mach  number  influences  the  pressure  center  position. 

In  order  to  understand  more  clearly  the  degree  and  nature 
of  the  influence  of  Mach  and  Reynolds  numbers  on  pressure  cen¬ 
ter  position  of  the  model  with  the  contour  generatrix  break  at 
hypersonic  velocities,  we  consider  the  dependence  of  the  pres¬ 
sure  center  coefficient  Cd0  on  the  complex  parameter  Mm/\/Rex 
given  in  Fig. 125.  The  complex  parameter  used  is  in  effect  the 
ratio  of  the  nondimensional  laminar  boundary  layer  thickness 
1  /[/Rex  to  the  nondimensional  tickness  of  the  inviscid  distur¬ 
bed  flow  1/M«(  this  is  the  plot  slope  at  high  Mach  numbers). 

Passing  an  averaging  curve  through  a  set  of  points  cor¬ 
responding  to  the  test  values  of  Cd0  makes  it  possible  to  get 
a  rather  clear  representation  of  the  nature  of  the  influence 
of  the  complex  parameter  M~/l/Ri’x  on  the  pressure  center  posi¬ 
tion.  It  is  well  seen  that  the  greatest  absolute  values  of  Cd0 
are  characteristic  for  M»/|/Re^~( 2  .  .  5 )X10  3  .  The  increase  or 
decrease  of  the  parameter  M«/[/Rex  with  respect  to  these  values 
results  in  reduced  values  of  |cd0|.  The  previous  analysis 
shows  that  a  drastic  decrease  in  values  of  |Cd0|  at  M ~/VRex < 
<2.3X10  3  is  caused  by  changing  the  model  flow  type  .  As 
mentioned  above,  in  the  transition  to  the  model  flow  with  a 
shock  upstream  of  the  aft  "skirt",  the  boundary  layer  becomes 
nonlaminar  to  a  large  degree  of  probability.  The  values  of 
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//—  ,  =xio-3  decrease  much  more  smoothly.  Th 

|Ca„  I  at  M~/l/Rex>  '  ,  corresponds  to  flow  condi- 

portion  of  the  curve  Cao=f ‘  ‘tT*,.  of  a  great  displacement 
tions  when  a  laminar  boundary  /  uhich  makes  the  conto- 
thickness  develops  on  the  model  surface 

ur  generatrix  break  SI"ootb-  difference  of  the  test  va- 

It  is  seen  in  Fig-125  A/RsK )  does  not 

lues  Of  ca0  from  the  averaging  that  the 

exceed  2.5%  of  the  model  iength  ^  ^  ^  question 

variation  in  the  number  ex  the  pressUre  center  po- 

resulted  in  much  greater  varia  10  complex  parameter 

sition  it  is  also  reasonable  to  y  pressure  center 

to  estimate  guantrtatrvely 

position.  glven  in  Fig. 125  makes  it  pos- 

Close  analysis  of  obtained  at 

4-  i-hat  the  test  values  ol  td0 

sible  to  point  ou  the  averaging  curve  Cd0 

M  »7.0  coincide  essentia  ed  at  M  »4. 0+6.0  lie  below  this 

=f  (M/l/R®x  >  .  «-  Pf°in“.;bn::  9  o  a^e  above  the  curve.  When 

curve, while  those  for  M_  •  parameter  values  it  is 

analyzing  Table  2  containing  --flow  P^  ^  then  at 

seen  that  at  ^  ™  th  are  greater  .  In  other 

Mo»7.0  ,  while  at  M„~8.0  an  with  respect  to  the 

words,  slightly  increased  ^  ld°r„  model  and  somewhat 

averaging  curve  are  obtained  for  a  oo 

decreased  values  for  a  "hoter  «  ^  to  suggest  that  a  more 

This  finding  1  oenter  coefficient  values 

correct  correlation  of  the  P  dictates  the  model  tem- 

with  respect  to  the  parame  e  -  x  correct  the  test 

perature  to  be  taken  account.  Now  we  try^ 

results  obtained  including  the^^e  ^  ^  (ragmentary  data 

Rough  calculation  es  nonhollow  metal  model  with 

about  the  surface  tempera  ure  ^  ^  model  allow  the 

taking  account  of  h®at surface  temperature  T»  and  tern- 
suggestion  that  this  mo  Table  4  for  flow  conditions 

perature  factor  t,=T»/T0  given  in  Table 

under  study  and  at  the  time  when  0-0. 
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Table  4 


Run 

number 


9-11 


13,14 

15-17 

18,19 

20,21 


Moo 

number 


25,26 


1 .000 
0 . 801 
0.797 
0.792 
0.708 
0.663 
0 . 656 
0.647 
0.630 
0.615 
0.612 
0.593 


1 — _ - - '  7T  r  for  flow  conditions  with  a 

Plotting  the  test  data  do  eter  M/V^Xt, 

laminar  boundary  layer  -  “  dl(ference  from  the 

makes  It  possible  *  model  length  (Fig- 126). 

— r  i 

ken  into  account  by  ^  ^  about  the  model  surface 

r:;i:i;ur:-ue’testing  and,  ----rrrtr1:::: 

-  - -r r;::  it  senes,  „ 

ry  :—aIe  that  the  -peratur^aotor^erts  some^rnf- 

luence  on  the  pressure  center  ^  hypersonio  velocities 

having  the  contour  generatrix  analysis  of  wind 

and  it  should  be  taken  into  account  in  the  analy 

tunnel  test  results. 
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CONCLUSIONS 


.  .  4-v,0  feet  results  for  a  model  of  the 

From  the  analisis  of  the  test  result 

.  ,  cvlinder  -  a  truncated  cone"  carried  out 

type  of  "an  ogive  -  a  cylinder  t-i?1  at 

aider  contract  SPC-94-4009  In  the  wind  Tunnel  T  121 


M 


ier  contiatt  .  , 

=4.0+9.0  and  Rex=(0.90*8.60)X106  it  may  be  interred. 


1  The  application  of  the  complex  parameter  M„  /|/R% 
yields'  a  clear  qualitative  representation  about  the  character 
of  pressure  center  position  variations  in  the  vicinity 
at  hypersoniic  velocities. 

2.  The  difference  of  the  test  pressure  center  coefficient 

values  Cao  from  the  averaging  curve  ^ 

through  a  set  of  test  values  of  Cao  does  not  exceed  2.5, 

the  model  length  Lm . 

3.  The  tests  carried  out  indicate  the  influence  o 
temperature  factor  t,  on  the  model  pressure  center  position 

angles  of  attack  close  to  zero. 

4  The  difference  of  the  test  pressure  center  coeffi 
values'  cao  from  the  averaging  curve  cao -f  )  Posing 

aa;et  of ^t  values  <*  Cao  ls  ^ ^ - 

del  lenth  Lm . 


RESUME 


The  tests  carried  out  show  that  more  comprehensive  and 
correct  taking  account  of  all  factors  influencing  the  pressure 
center  position  of  a  body  of  revolution  with  a  contour  gene- 
-atrix  break  at  hypersonic  velocities  necessitates  conducting 
idditional  experimental  investigations. 

In  the  course  of  these  tests  it  would  be  desirable  to  un- 
iertake  the  following  activities: 

1.  To  measure  the  model  surface  temperature  while  conduc¬ 
ing  balance  tests. 

2.  To  change  angle  of  attack  CL  in  the  range  of  no  less 
:han  CL  =-5°^5°  with  a  step  of  no  greater  than  A(X=0.5°  . 

3.  To  conduct  optical  tests  in  the  range  of  angles  of  at- 
:ack  CL=-5°+5°  at  the  minimum. 

In  addition,  it  would  be  desirable  to  carry  out  the  tests 
>f  model  with  somewhat  other  geometric  parameters  and  to  in- 
'estigate  aerodynamic  characteristics  of  geometrically-similar 
lodels  at  hypersonic  velocities  in  other  wind  tunnels. 

TsAGI  has  every  possibility  for  those  experimental  inves- 
•igations.  Hence,  if  AFMC  is  interested  in  them,  the  tests 
.bove  considered  can  be  accomplished  under  a  new  contract. 
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